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(54) TRENCH ISOLATION METHOD USING SiGe EPITAXIAL LAYER 

(57) Abstract: 



PURPOSE: A trench isolation method using a ]j 
silicon-germanium epitaxial layer is provided to 
prevent the creation of interstitial silicon atoms in a 
silicon substrate around the trench. 



CONSTITUTION: After a pad oxide layer(12) is 
formed on a silicon substrateO 0), a mask pattern 
(14) is formed thereon to define a trench region. The 
substrateO 0) is then etched to some depth through 
the mask pattern(14) to form a trench. Thereafter, a 
silicon-germanium layer(30') is formed in the trench 
and on the mask pattern(14) by epitaxial growth. In addition, a sidewall oxide layer(34) of silicon oxide is 
formed on the silicon-germanium layer(30') by thermal oxidation. Here, while the original silicon- 
germanium layer(31) is thinner, another silicon-germanium layer(32) having a low silicon content is formed 
between the original silicon-germanium layer(31) and the silicon oxide layer(34). Therefore, interstitial 
silicon atoms can be hardly created in the substrateO 0) around the trench. 
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3 71 EH3AI ^1 S^tS i! 1.S6SH D»3d.1 S 1 3042 

AIS*«AIS9?AI9S105_!-SOK)BD : S402S2a63: 
(74) CHEI2J 0131, 

S» 

B &g&ia« iXrBEl OKHHh-BttasS. B §f3S#EIS 7IEHHI ^&'»2J ^SvJdr^ 

m si^ «iirifii^#e as-Aia-* ir»Ai?i w atiwi ««t!Eh naa, si^^ssj flaa^.s 

Af7f d+SKICH ««! i+tm?l £Eia iraetOI S-gEIIl, TIEQrH SWfe MSfl ^£1*1 _!eis 7ishhi 
Ai Sffl«<interstitial)S| fiEI5 _!Xr7r £3gE|_: ^t-UlK m-EMd, §^2] OIS^S 5 8 SL ;S 
SEI 5SMA1 BSS 4IEI5 SWf SUIT ^ 2i_: ESI S-Xisra _!£ISSl_: ^TjJS 

3# ^ SJCh 

£WBE| (trench isolation), ^EI5-7flM0fe 0ilK| E j?iS(Si6e epitaxial layer); 
£EI^(Si interstitial) 

MM/ 

E 1£ £EI5 71 B £NHI MSDSM SgSJ- £> h EHs EAh_" BSEOICh 

E 2= E 12| 1=332] ^» S Ur^TtHI i+ir^l «SSIS tlB, ggS (interstitial) ^EIE SAF 
■01 Sfflf EAI_T B2E0IO-. 

E 3 2 £ g gg°| AI Oil Oil ffl-g M_"xl ±ArBEI 2r§M EAISJ &9EfiOIEh 
E 5 S! E B BSSI Ll-E tiAINOil [Erg MSIS £Ar_?E| HI-gM EA|*> BSEgOIQ. 

B b^sfl -_x r g 01 -tJW» 27l*i:2£ SE©r= ^AfgEJ g^gOII SB 525 ^S|, 

M_lXlS (trench-type) ^ArgEI ■»_»» £!_!■ 501 Eh 
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se, &e*o ±»£i ssie:>i §:wsai, ixhsEi s^wi M?s*m s«eia 01 sa« lhwi §3i§ 

1 OHSoKH ±A>11 SEIS^ ggsa i^SEI SrOI ArS&ia 2tQ. 

gfihSJoi egjxi i^ga Ch§]i} &0I 4*«SO. E lOfl EAI& SOI. 8fS IDE d+ 

ae,Hi2)oi s«a £eis 7i»(io) &w sea ng(M)* *, 01 o^a 

ne(i4)S &izt o^as AhssKS ^i^^sah ?i»(io)M msae ¥g£»a. oim o^a ne 

£(U)g SSaAliMS OI^OIXlTiLK g£l5 SSR, 4' El 5 t*H^i E= 0112) €?iRES 01^0)2 
Q. 0\O\M, E 20J EAIS tiW SOI. EgS*| &RES & MS!!*I SSOIU HR2| B«» *IS8| 
a, OI^CHI «g£l£ £32 30ILH I iner)#08 0Jtt 3©! §«l tt»e«16)l 

«D. OICHAI, $3 £^(16)01 ««a MSS» LH^l g3£ tfSR §2| §2gg(EA|SW S*8)3 
DH1I8W HO. 

asm. e MM® ir£ M?sa *ai ^aet(i6)s 1^21 ssoii sjsb ssti^a, oim sgs» 
2fesi zjah oi^a 2ie gas sahoi atjwi ««s aiA>gtK)i 5012 ^±2h gtm 

A| S^a feTSESAH g?l= gSS(lnterstltial) ^£15 §|AK1B)10I aSUQ. OI3St SSS 

gas SAf(i8)is 01^21 oisss ssarssia ssmai asvAi esm srtM si?*K)i..&g 
a ±a>2i m&m ^mAiaa. 

s irsoi oi^aAf*^ araiis ses gas SAH21 ggi ejj«r4> st= ±Aiga 

9K21 »l«*Kz 20IQ. 

H7\2i 7|gS| 2KXflg gfgSPI $|# g ©SOS [&g MH» ±A*S3 g#2| »g2S.gEI3v 

?i» &oi mss»i ««ma, ss«*pngss gas ?\& aw wmms&m tigttm.M 
si,68„ omneig©© ^mia Mesw ^ai f+s^g qs> m?s» lh^i aa«ss:nesf& 
<Etnm smm. t « v t 

0I7IAI. fe^l Si.fe-. WIDBiasS ^EI20I a SOI tJSS! g. x > 0.52! 2101 UH^SKKn ■; i v 

ttfcf, Si.8©,-, OiiDB}^^ m*m U\±3. IBS© Etm 715 SSOfl S^g =£E S$a, SSfSBXT^ 
a URMST. iH8«l£S:t!«» 4»E SQ. a-^ >:;• 

om aoi, s ssofl 2i«ra m?s» ^^21^ u^nm si.ae,., Mmei^^i «t«& ^ 01 sijejji-wiriei,. 

3#g 4+aAI?l Egtt» ^ Ara^ ^«t^£SAN. MSS*I 2^?I°J 4' £15 7I5.HH ggJS ^a*iSA>: 
OI&L S^.ES!#^3£aiO! S SS2I HH^fch 6IAI0IIM ^91 SSt»6. ' . yisi/fv- 

^t sasi se^ikwttss. «as iaii sa*»'*atfO. ^. eiim eais wsy toIibeh 
6r»^.(i2)oi s«a ^as ?i5.kio)^m s?sm s?j# ssie^ ag(j«)s ttaoo^*^) 
a 2Bi!(i4)£ ssaAi^Ms oi^oiAiTia ^a= hsr. gae tfaR e^ 01121 «n«RS£: 0i i 
^oiaD. oioiai. m±n ne(i4)i ^ Diissetoi sa? ?is(io)i ^§ 301s ^zjses-w 

M€««l *«CO. • \ 

0\Q\M. E 30U EAIS UHtt SOL ESfl LH" a Oh±a IB@(14)1 2 SOU gae-JtSOF. 

S tf3°£ 01^012 SI,88^«S<30)1 MfflajS «§AI2Ja. 01 Olimeia «§S flgKsilw)X,;?J£--' 
Oaam, SIH.2F »|se.H98rBane)M OliaCH Befil ^a»2f «S0te2J SfOI Wig! 

CH, $R7l6f 5*ra (Chenical Vapor 0epo3itlon)£:S g**t.<-°g^ ««BD. Ola, 7I5SE= 
600-750X, SJ«JS 10~700torr SES 01 OflHieia «§S aSS SHHIAI 

SAT^dnoleculor beam) mWM& SSESE V 4> SIP-. aaSS, Si,Q8w2| 0BfflBia€K3O)O|f?IS 3 

m m\. Mstisti e& a urmais kia ^ae ^arsi toaAi E^sg si.6ew#(3o> 

01 S«SD. OIDS, Si,6e,.,S(30)2| ^3522 ^, x > 0.5S «fe 2!0I Uh©2?wa,.> X - . 

o.8~d.9^ as* dnwt.ua, a ois= ^mt*a. 01 si,6e,.,*(30)2i meisw nmumzi am g?\ ■ 

0I0IAI, Si,6e„#(30)O| 7|»1 ir»S(H| ^a gtfSH 4=«Sra. £ 4M EAIS bh£f 1T0I, 

Si8e*(30 ) 4^011 ^'35 ^&eK34, SiCb)0| OIUH, A ^gl SKH EAI^ 21 S2H 

2| Si.6e,..#(3O)0flA| klSLIOI 2iQ fiS^S TH^Dfe SAHSDS ^a= SAHOI tr4:2f gttfKJI 

^a^ ^a^-(34)i oi^TA son coa, si«6e„i(3i)2j =is gg ^}is^a si.ee,.«#(3i)3i- ^a= 

i^SR(34)2| 78 3 (W^ ^}EIS2| &ifOI Si,8e,.#(32) (CM7IAI, x> y)OI SSSJD. 3L$i, ESS 

» ??i2i sas 7i5(io)MAi sa«2i fe'ae mm 7121 «seiai a^a. lkjctai, sss Tflsof 

SATE agtlAI SfeQ. 

OlEh SOL Si.Sa,-<@(31)l 01?= £35 SAH2F TflSOfe SATS f+SF^(34)l ^gSfe 2!S 5 

s £ei= aA>oia, Tflsote sat— A^g mmn srsaAi si,6e,.^(3i)°i /+tn ^a*^ &'g 

2| ^OHSAI STSSKSAI MSSfl ?*|2| 7ie(10)DJA| gg« SW2| ««1 2j«SF= ^1? 

i tta. njaAi. i+sR(34)i #ga tiswi zmm ^stt ufaLf soi $!,&!,-> wmej^KOO) 
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OilAl x > 0.57* £l£ 201 dHsTCSHX £th 4' £1221 tfSFM B2. 71 3ET< 1 0)011 AJ SSt! 4135 SA> 
2| 4S«# W 7flS0te2| SWI St01£ BO. COaAI. S8r£ =121 gBj &8tSK34)ft 

««817|0|l Jp)3l21 Si.Oe,-, MS|Q|^#(30) OflfjCH, 4=2 A §£2J ^fflie TO£ St,6e,-, 

<HI]I|e)g&(30)t SSAI7I3 512. 01 01 £3521 *JSf£ x - 0.8-0.93 &S8I 81= 201 Cm U^Sj 

*o. 

&U£. Si8e&/Si#2| £»/£H>1S0flAI TflsOhs S!Xr= ££1=21 g£ 401382} 8W Si#O0A|2| 

S£J« £35 3X12J tSSS <%M*fc ejWS t>CJ— 2?, F. K. LeBoues §2|, "Kinetics and 
mechanisa of oxidation of SIGe : dry versus wet oxidation", AppI. Phys. Lett. 54(7), 1989 S! F. K. 
LeBoues g2|. "Oxidation studies of SI8e", J. AppI. Phys. 65(4), 198921 StllHl UEH-h SiDQEfU, 
Si6e©/SiS2| £»2rS2| D|AB Ofl?mS€ 0 ^ <3m\ SWT] XI Sf»£D|. 01 S£l£ SiBe§/Si§2| 
O&2t301AI TflSOfeOI #712} ITS 31m 8 Mr SHt> M?fU§i 3S81A15 3813 SID). 

OlOiAJ, 4*3 i+S}9K34)0| «SS 715 2B0I S#2| ftl£g 4135 Hn^t §2| gSSSg DHI!8} 
01 eggxi £A>gaer(£A|8r*l 8fg)§ «2SKi2. S&Srt.^SA«J MS8XI iXrgag SStO. 

5 5 S E fic 5 gfS2J DS ^AIOHM trig MS5» ±A>g3 2*3 M £Altf BS£S3A1, S 3 2 E 
4g &28101 ggf» #7|2| gAI082} OS S£. MgS«2J 4*1 a dl^MEJ fie^S Site* CHIirie!! 

as(so)§ sssw mm® mm sad. lhuxi ms?»2i «#aj ^tooi aaais* £ai# £ s 

MAj 50', 51, 52 a 545 £ 3MA12I 30', 31, 32 a 340fl CHgSQ)a OHUBfS 

5 gAIMlSLr SU81H3 3 eAK> SS# ge»H2, D17IAi5 £ 52) MS!* 4«J a Ur^Hl^ 

Si.Be,, MIiei^#(50)l £tajsi£3 SSAI7I5 ^gOfl OWBAier SS5D. 

£ 5011 £AI§ d}2} Si.Be,* 01linejfiS(50)g M5S*I 4«1 a HrSMWEi 5S!)8|o S SSAI3IS 2} 
gs, s 3«A12| 33212! S3-2} 371! D3AI SJO. ^, if&?B 71± OOSCH, SiHfWdichlorosi lane, 

oi siitcir= snuaa ^ej«oi □ n*?m ?\± otiara, Seng aw ga52} 7B30r&2i 
i?jig»a, oiPiofl hci 7r^i q §71810) onsDi. s*ra£^ g«WQ. 3<HSfe6£/afc 

3501 IrSS M?J!5t|2| a(Sj a dfS«Hl= Si,6^.«0O)OI OflEIS!^ «Saa, £4= &EI£0I 0rt!'01>b; 
3 B8S(14)2| SS08A1S Si8e§0| SgSOl OHd gE1D12J SfflS S^5E1CH(^, ^fc^OI ef8KM)t;HCh 
OB 2|*B ei?11 SITiaSS^. MS!»2| a drETOHSf flejssSS Si.Qe,-,; Oil Ejes^§ (50)01 s&aai, 

oi^ sstr die* gof b wsoii .siera. ±»«eis *m m^n^ ^ %.wm si.6e,.,,ofliries^sr 
sd. t[eiAi, jias a»2i. ssoi ejsisssMi §^21 ois^a isbiu a»a.>ss«iAiiaS!i 

tfEIS SlXHHI'eiiSB '£8S ^ifOI &AIEIQ1 i!£|g£l= ^£S|1 iA>7h ^OfSO'.-t; «?1-_ 

K£tf, e.BSoi'' ei*ra;, si.ee,*soi ssfM.*«i 'w u^ A'as aXr^.koi ttei onaena^sEiss 
;s, : ^ei5 7i2?a..sjj6e,:,#2i7ia6ijA|. »«w ^ -2i= .§&£ m spf;f we* 3 

g^sf 1. £2i= 715 Me«»g «4ir ^sg §2jsfe o^3 negg ««8^ BMlv! 1. 
^71 o r ±3 rase ij^r ni^ss oiisioj #71 gas 7is§ sois ^^sm M?a*i# «ss r 

^71 Egaji^ aae 7ie m si^ee,.^ oniiB)a#g ■sssfs &w: 

^71 Si.Be^ (Wiliei^^S iJSAI?) M?S*I ^ SSSfe B?1I; a 

£71 egs*| iH«© ggggg DH1!81£ 3?0§ £tmi= 81= MSSfl iAISa 

M=?& 2. WI^OII StCMAf, #71 Si.Be,. O0HB!^#O11A1 x > 0.5PJ 2S ^9£S 8fe Mg«» *A> 

Ma ^g. 

S^?Sr 3. *||ltHHI aOIA), #7| Si,6e,., Oflir|Bl^#g #71 332 7152) ggSXI ^Bj a HrSfOflSr 
SB 
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